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ABSTRACT 

This  study  determines  if  projected  land  use  changes  and  their  benefit 
estimates  are  biased  in  favor  of  project  development.     Both  the  base 
period  land  use  estimates  and  the  projected  land  use  changes  in  a 
sample  of  40  projects  in  two  contrasting  geographical  regions  were 
found  to  be  reliable.     The  differences  between  projected  and  observed 
land  use  changes,  when  observed  land  use  changes  are  measured  from 
aerial  photographs,  were  not  statistically  significant.     Four  altern- 
ative land  use  projection  techniques  examined  in  the  study  did  not 
improve  upon  the  reliability  of  SCS  land  use  projections.     The  SCS 
land  use  projection  procedures  for  small  watershed  areas  provide 
reliable  measures  of  land  use  trends  for  estimating  land  use  benefits 
due  to  project  measures. 

Key  words ;     small  watershed  development;  land  use;  land  use  change 
benefits;  land  use  estimating  procedures;  aerial 
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INTRODUCTION 


The  Small  Watershed  Program  authorized  under  Public  Law  85-566  pro- 
vides Federal  technical  and  financial  aid  to  local  organizations  to  carry 
out  projects  to  control  flooding,  erosion,  and  sedimentation  and  for 
agricultural  water  management,  recreation  and  fish  and  wildlife  develop- 
ment, and  municipal  and  industrial  water  supply.     The  program  applies 
to  watersheds  of  250,000  acres  or  less  and  is  administered  by  the  U.S. 
Department  of  Agriculture's  Soil  Conservation  Service  (SCS) . 

Since  the  implementation  of  the  Small  Watershed  Program  in  1954, 
operational  work  plans  for  1,196  projects  in  all  50  states  and  Puerto 
Rico  have  been  approved  as  of  August  1978.     Most  work  plans  emphasize 
flood  protection  to  agricultural  land,  although  many  other  benefits  have 
been  attributed  to  the  program. 

In  recent  years,  projected  Flood  Damage  Reduction  Benefits  included 
in  watershed  work  plans  have  been  challenged.     The  most  frequently  crit- 
icized type  of  Flood  Damage  Reduction  Benefits  is  associated  with  pro- 
jecting land  use  changes.     Inaccuracies  in  benefit  estimates  are  attrib- 
uted to  errors  in  estimating  land  use  changes  and  concern  over  the  pro- 
cedures used  by  SCS  to  project  land  use. 

Land  use  benefits  accounted  for  approximately  $14.6  million,  or  8.1 
percent,  of  the  $181.6  million  of  total  estimated  average  annual  benefits 
shown  by  work  plans  dated  before  June  30,  1975.     Although  land  use  bene- 
fits make  up  only  a  small  proportion  of  the  total  benefits  attributed  to 
P.L.  566  small  watershed  development,  the  SCS  viewed  the  examination  of 
the  procedures  for  projecting  land  use  changes  as  a  priority  research 
item,  and  funding  of  this  research  project  was  provided  to  the  Economic 
Research  Service  (ERS). 
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STUDY  DESCRIPTION 

Background 

Several  ex  post  studies  strongly  suggest  that  small  watershed  work 
plan  estimates  of  land  use  change  benefits  are  optimistic  and  that  pro- 
jected changes  due  to  the  program  have  been  higher  than  those  which 
occurred.     The  reliability  of  these  projections  is  important  because 
of  the  implications  they  have  for  the  feasibility  of  the  projects, 
attendant  land  use  impacts,  and,  more  specifically,  for  the  accuracy 
of  the  work  plan  analysis  and  evaluation. 

Sutton  (29)  found  that  the  activities  specified  in  work  plans  were 
achieved  in  the  project  areas.     However,  the  successful  implementation  of 
the  physical  components  did  not  always  generate  the  desired  outputs  and 
economic  effects.     In  general,  agricultural  and  recreation  benefits  fell 
short  of  projected  benefits  while  municipal/  industrial  water  and  nonagri- 
cultural  flood  protection  benefits  were  higher  than  projected  benefits. 

Sloggett  (27)  examined  results  in  the  56  completed  small  water- 
sheds out  of  the  143  planned  in  the  Arkansas-White-Red  River  basin  re- 
gion.    Results  indicated  that  changes  in  land  use  could  not  be  attrib- 
uted to  the  small  watershed  program  and  that  there  was  an  overestima- 
tion  of  the  average  annual  acres  flooded  in  the  work  plans. 

Mattson  (20)  found  that  projected  expansion  of  cropland  on  the 
flood  plains  projects  in  the  Southeast  did  not  occur  although  the  pro- 
jected conversion  of  cropland  to  permanent  grass  or  forest  in  the  up- 
lands had  occurred.    A  shift  to  cropland  from  forest  and  woodland  with- 
in the  watershed  areas  in  the  Mississippi  Delta  region  followed  region- 
al trends  and  this  expansion  in  cropland  was  made  feasible  by  major 
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drainage  and  flood  control  work  carried  out  by  the  Corps  of  Engineers. 
In  the  Missouri  River  tributaries  region  little  or  no  change  in  land 
use  patterns  was  projected  and  changes  did  not  occur. 

The  joint  ERS  and  SCS  study  of  the  Kiowa  watershed  (36)  found  that 
planned  economic  benefits  were  generally  overestimated  by  a  factor  of  2. 
Economic  surveys  indicated  a  trend  toward  less  intensive  land  use  in 
the  watershed  as  a  whole.     Feed  and  forage  production  increased  on  the 
flood  plain  but  the  benefits  from  more  intensive  use  of  the  flood 
plains  were  not  as  great  as  estimated  in  the  work  plans. 

Blood  (2)  found  that  projected  cropping  shifts  in  the  flood  plain 
did  not  occur  to  any  significant  extent.     Annual  land  use  records  for 
flood  plain  and  upland  fields  showed  that  the  acreage  of  corn  and  cot- 
ton decreased  while  the  acreage  of  soybeans  and  sorghum  increased  on 
both  the  flood  plain  and  upland  areas.     It  was  found  in  an  interview  of 
farmers  that  the  change  in  land  use  was  primarily  due  to  increasing  re- 
turns for  those  crops  rather  than  the  reduction  in  risk  due  to  flooding. 

Objectives  and  Procedures 

Improved  estimates  of  project  benefits  and  costs  are  expected  to 
provide  information  to  decision  makers  at  all  levels  to  use  in  making 
informed  judgments  of  the  economic  feasibility  or  desirability  of  proj- 
ects.    Because  of  the  problems  concerning  land  use  projections  in  small 
watershed  project  evaluation,  the  purpose  of  the  study  was  to  determine 
if  procedures  used  in  projecting  land  use  changes  are  biased  in  favor 
of  project  development.     Specifically,  the  objectives  of  the  study  are 
to  (1)  review  the  methodology  and  procedures  for  estimating  and 
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projecting  land  use;   (2)  identify  and  examine  divergence  among  land  use 
estimates  from  various  techniques;  and  (3)  compare  the  divergence  among 
anticipated  and  realized  land  use  changes  in  a  number  of  selected  case 
study  watersheds. 

The  following  procedure  is  used  to  address  these  objectives.  In 
section  one,  selected  estimating  and  projecting  procedures  are  examined 
with  particular  attention  given  to  those  procedures  used  by  the  Soil 
Conservation  Service.     Regional  and  county  land  use  trends  are  compared 
for  selected  areas,  and  basic  differences  which  may  exist  among  coun- 
ties with  or  without  developed  watersheds  are  assessed.     The  next  two 
sections  assess  the  accuracy  of  base  land  use  estimates  and  projected 
land  use  estimates  in  watershed  work  plans.     This  is  followed  by  a  com- 
parison of  land  use  estimates  and  trends  using  census,  air  photo  and 
work  plan  data.     Included  in  this  analysis  is  the  measurement  of  the 
impacts  of  watershed  development  on  land  use  in  two  study  areas  and  an 
examination  of  the  importance  of  land  use  benefits  in  watershed 
justification. 

Area  and  Project  Selection 

Two  areas — the  Mississippi  Delta  region  and  the  Missouri  River 
Tributaries  region — were  selected  for  detailed  examination  and  to  serve 
as  a  basis  for  assessing  SCS  land  use  projection  techniques  under  con- 
trasting circvimstances.     The  Mississippi  Delta  region,  including  the 
states  of  Arkansas,  Louisiana  and  Mississippi,  has  been  characterized 
by  a  rapid  expansion  of  agriculture  resulting  from  the  drainage  and 
clearing  of  flood-plain  lands.     The  projects  lie  within  the  Mississippi 
Delta  Cotton  and  Feed  Grain  Land  Resource  Region  with  most  of  the 
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benefited  areas  of  these  projects  within  the  Southern  Mississippi  Valley 
Alluvial  Area.     Because  of  the  rapid  expansion  of  agricultural  cropland 
in  the  area,  it  was  deemed  important  to  determine  whether  land  use  pro- 
jection techniques  in  use  by  the  Soil  Conservation  Service  (SCS)  accur- 
ately reflect  these  changes. 

The  Missouri  River  Tributaries  region,  including  the  loessal  hills 
in  the  states  of  South  Dakota,  Nebraska,  Kansas,  Iowa  and  Missouri,  is 
generally  characterized  by  rolling  to  hilly  land  with  erosion  and  flood- 
ing problems.     In  contrast  to  the  rapidly  expanding  agricultural  area 
of  the  Delta,  the  Missouri  River  Tributaries  region  was  characterized 
by  marginal  changes  in  agricultural  land  use.     It  was  considered  impor- 
tant to  examine  and  assess  the  SCS  land  use  projection  techniques  in 
contrasting  settings. 

The  watershed  projects  studied  by  Mattson  (2)  in  the  Mississippi 
Delta  and  Missouri  River  regions  were  selected  for  the  study.     Based  on 
the  Mattson  criteria,  subgroups  of  10  developed  and  10  undeveloped 
watersheds  are  examined  in  each  region.     Developed  watersheds  are  those 
in  which  project  work  plans  have  been  completed.     The  developed  water- 
sheds in  the  Mississippi  Delta  region  had  an  average  planning  date  of 
1960  while  the  average  planning  date  for  the  developed  watersheds  in 
the  Missouri  River  region  was  1958.     The  undeveloped  watersheds  had  an 
average  planning  date  of  1967  in  the  Delta  region  and  1969  in  the 
Missouri  River  region.     Project  construction  was  assumed  to  have  been 
completed  10  years  after  project  planning. 
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Area  Characteristics 

Watersheds  in  the  Mississippi  Delta  region  are  characterized  by 
large,  flat,  poorly  drained  flood  plains  that  are  subjected  to  frequent 
flooding.     Channel  development  to  improve  drainage  was  the  principal 
structural  solution  for  the  project  area.     Land  treatment  under  the 
Small  Watershed  Program  emphasized  erosion  control  on  the  uplands  and 
land  leveling  combined  with  open  and  tile  drainage  on  the  bottomlands. 
Feasibility  of  most  of  the  watershed  projects  in  the  Delta  area  depended 
on  prior  channel  and  levee  construction  by  the  Corps  of  Engineers. 

Agriculture  in  the  Delta  region  is  dominated  by  cash  crops  includ- 
ing cotton,  soybeans,  rice,  wheat,  sugarcane,  and  corn.     Poultry,  beef 
and  truck  crops  are  also  grown.     Forest  and  woodland  continues  to  be  a 
prominent  although  diminishing  land  use  on  farms.     Pasture  and  range- 
land  are  minor  land  uses  which  have  been  stable  through  time. 

The  watershed  project  areas  in  the  Missouri  River  region  are  char- 
acterized by  moderate  to  steeply  hilly  topography  with  loessal  upland 
soils  and  deep  alluvium  deposits  in  the  small  flood  plains.     The  major 
problems  of  these  watersheds  are  gully  and  sheet  erosion  and  flooding. 
Projects  in  this  region  concentrate  on  solving  these  problems  with 
grade-stabilization  structures  and  flood-retarding  dams.     Land  treatment 
practices  are  emphasized  for  erosion  control. 

Commercial  agriculture  is  the  dominant  land  use  in  the  Missouri 
River  region.    While  most  of  the  productive  farmland  is  devoted  to  the 
production  of  corn  and  soybeans,  beef  cattle  and  hog  production  contrib- 
ute most  to  farm  income.     Pasture  and  rangeland  are  important  land  uses 
but  usually  are  relegated  to  the  less  desirable  lands  for  crop 


-7- 


production.     Forest  and  woodlands  are  generally  confined  to  stream  and 
river  banks. 

Data  Definition  and  Availability 

Watershed  work  plans  and  aerial  photographs  for  the  planning  period 
and  after  project  completion  were  available  for  the  40  selected  water- 
sheds.    In  addition,  county  agricultural  census  data  were  used  for  the 
4  census  years  1959,  1964,  1969  through  1974.     Land  use  descriptions 
vary  in  the  amount  of  detail  provided  among  watershed  work  plans. 
Watershed  work  plans  usually  do  not  show  individual  crop  acres  but  only 
indicate  general  land  uses.     Therefore,  only  four  general  categories  of 
land  use  were  available:     cropland,  pasture  and  rangeland,  forest  and 
woodland,  and  miscellaneous  or  other  land  uses. 

Land  use  data  in  work  plans  are  derived  from  two  basic  sources : 
(1)  farmer  interviews  and  (2)  aerial  photographs  of  the  flood  plain. 
Interviews  with  farmers  are  conducted  to  acquire  statistically  reli- 
able data  and  usually  are  confined  to  farms  located  on  flood  plains  in 
the  watershed.     Land  use  data  are  collected  in  the  farm  interviews  to 
use  in  estimating  floodwater  damages. 

Agriculture  census  data  for  counties  are  available  every  five  years. 
The  four  census  years,  1959-1974,  were  used  for  land  use,  farm  income 
and  crop  production  data.     Land  use  data  for  1959  are  given  for  all 
farms  while  1964  through  1974  data  are  given  for  class  1-5  farms  only. 
The  adjustment  in  farm  nixmbers  and  census  definition  of  farms  was  made 
in  the  1964  census.     Census  land  use  data  were  aggregated  into  the  same 
major  land  use  categories  as  the  work  plan  data. 
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The  aerial  photo  data  used  in  the  study  were  adopted  from  Mattson 
(20) .     The  scale  and  resolution  of  the  photographs  were  acceptable  for 
that  and  similar  studies  of  land  use  change  (14).     The  following  land 
use  definitions  were  used; 

Cropland.     Includes:     (1)  fields  identifiable  by  tone,  texture,  and 
shape  as  planted  to  or  being  prepared  for  crops,   (2)  other  fields  char- 
acterized by  sharp  corners  and  distinct  boundaries  and  lack  of  large 
vegetation,  and  (3)  areas  recently  cleared. 

Pasture  and  Rangeland.     Consists  of  open  areas  generally  lacking  evi- 
dence of  recent  tillage.     Distinguished  from  idle  -  transitional  by 
smoother  appearance,  darker  and  more  even  tone,  presence  of  some  water 
source,  and  usually  scattered  shade  trees.    Additional  evidence  includes 
paths,  trampled  areas,  and  stock  ponds. 

Forest  and  Woodland.    Areas  predominantly  covered  by  trees,  including 
fairly  young  stands. 

Miscellaneous  or  Other.     Roads,  small  streams  and  ponds,  ditches,  gravel 
pits,  railroads,  power  and  pipeline  rights-^of-way ,  farmsteads,  small 
villages,  cities,  industrial  sites,  mining  operations,  institutions, 
airports,  golf  courses,  race  tracks,  drive-in  theaters  as  well  as  idle- 
transitional  land.     (Idle-transitional  land  includes  areas  formerly  in 
crop  production  which  are  indicated  by  irregularly  distributed  brush  and 
small  trees,  indefinite  field  borders,  and  corners  and  uneven  tone.) 

Two  sets  of  aerial  photographs  were  used  by  Mattson  (20)  for  each 
watershed  within  the  regions.     The  average  date  of  the  early  photographs 
in  the  Mississippi  Delta  region  was  1957  while  the  average  date  of  the 
later  photographs  for  this  region  was  1970.     The  average  date  of  the 
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early  photographs  in  the  Missouri  River  region  was  1956,  while  the  av- 
erage date  of  the  later  photographs  for  this  region  was  1970. 

PROCEDURES  FOR  ESTIMATING  AND  PROJECTING  LAND  USE 
The  usual  rationale  for  carrying  out  water  and  related  land  re- 
source development  is  that  such  development  stimulates  economic  growth 
by  eliminating  inhibiting  factors  or  bottlenecks.     The  threat  of  flood 
damage,  inadequate  water  supply,  and  poor  water  quality  along  with  inad- 
equate capital  availability  and  natural  resource  limitations  are  fre- 
quently considered  to  be  important  inhibiting  factors  or  bottlenecks  to 
economic  growth.    According  to  economic  growth  theory,  the  elimination 
or  control  of  bottlenecks  will  foster  economic  growth  and  give  rise  to 
benefits  from  resource  employment.    Watershed  development  is  undertaken 
to  obtain  these  probable  economic  growth  effects. 

The  impacts  of  project  development  on  economic  growth  are  deter- 
mined through  an  evaluation  of  economic  activities  expected  with  and 
without  the  project.     Projections  of  resource  use,  costs  of  production 
and  value  of  output  are  made  for  selected  land  and  water  development 
options.     Projections  and  evaluations  are  based  upon  available  data, 
economic  needs  and  judgment  of  the  planning  staff  and  local  people. 

Economic  analysis  provides  information  to  assist  decision  makers 
in  determining  both  the  needs  and  potentialities  for  development.  De- 
velopment needs  may  not  be  closely  related  to  development  potentiali- 
ties of  the  area.     Since  the  potential  of  each  watershed  tends  to  be 
unique,  the  degree  of  development  and  the  potential  for  land  use 
changes  will  not  be  the  same  among  watersheds.     Therefore,  planning  and 
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evaluation  activities  need  to  take  into  account  both  the  existing  sit- 
uation and  the  probable  future  development. 

Numerous  methodologies  and  procedures  have  been  developed  to  assess 
land  use  change  and  project  land  use.     Some  procedures  can  be  used  to 
estimate  land  use  changes  for  small  areas  while  others  are  designed  to 
project  changes  at  the  regional  or  national  level.     Several  of  these 
projection  methodologies  were  examined.    A  brief  description  of  method- 
ologies follows. 

SCS  Procedures 

The  land  use  estimating  procedures  used  by  the  Soil  Conservation 
Service  are  set  forth  in  Economics  Guide  (35).     The  generally  accepted 
analytical  technique  for  attributing  effects  to  a  project  is  the  "with" 
and  "without"  approach  in  which  differences  in  expectations  provide  the 
basis  for  identifying  appropriate  project  charges  and  credits.  The 
"with"  and  "without"  approach  is  an  analytical  technique  used  to  deter- 
mine the  likely  economic  effects  of  various  program  features  for  use 
in  project  formulation  and  evaluation  of  watershed  project  performance. 

Chapters  three,  four  and  fifteen  of  the  Economics  Guide  outline 
the  basic  procedures  for  projecting  and  evaluating  floodwater  damages 
and  benefits.     The  guidelines  distinguish  three  types  of  enhancement 
benefits  associated  with  changes  in  land  use.     The  benefits  for  flood 
protection  are  classified  as  "changed  land  use,"  "more  intensive  land 
use"  and  restoration  of  former  productivity."    "Changed  land  use"  bene- 
fits are  defined  as  increases  in  net  income  from  a  shift  to  more  pro- 
ductive uses  of  land.     "Intensified  land  use"  benefits  are  defined  as 
increases  in  net  income  resulting  from  a  reduction  in  flood  hazard  to 
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the point  that  it  becomes  profitable  to  intensify  management  efforts  on 
existing  cropland  including  such  effort  as  improved  seeding,  double 
cropping,  or  shifts  to  more  productive  crops.     "Restoration  of  former 
productivity"  benefits  refer  to  increases  in  net  income  from  a  return 
to  more  productive  use  of  land  as  a  result  of  flood  protection.  Usually 
this  type  of  benefit  is  reported  as  a  damage  reduction  benefit  rather 
than  as  an  enhancement  benefit. 

Careful  distinction  among  benefits  from  "restoration  of  former  pro- 
ductivity," "changed  land  use"  and  "more  intensive  use"  of  agricultural 
land  must  be  made.     The  Economics  Guide  (chapter  4)  gives  hypothetical 
examples  of  how  the  various  benefits  are  to  be  separated  and  distin- 
guished one  from  the  other.    A  prime  concern  of  this  study  is  to  look 
closely  at  only  one  phase  of  the  benefit  estimating  procedures — land 
use  projections — not  to  evaluate  the  overall  benefit  estimating  proced- 
ures of  SCS. 

Farm  surveys  are  used  to  collect  land  use  data  for  planning  and 
evaluation  of  small  watershed  projects.     Questionnaires  or  schedules  are 
used  to  obtain  information  from  owners  and  operators  about  changes  in 
land  use  to  establish  both  existing  and  anticipated  or  planned  land  use 
in  the  watersheds.     The  crop  distribution  in  a  flood  plain  is  assumed 
to  be  the  land  use  acreage  during  the  year  planning  is  begun.  _!/  It 
should  be  made  clear,  however,  that  land  use  projections  are  not  based 
solely  on  farmer  intentions.     "The  intentions  of  present  operators  do 
not  necessarily  indicate  the  extent  of  futuie  enhancement .     They  are 

Economics  Guide,  Ch.  3,  p.  24. 
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helpful,  however,  in  determining  the  delay  to  be  expected  in  reaching 
the  full  level  of  benefits."  Ij 

SCS  procedures  call  for  the  separate  examination  of  each  watershed 
because  of  policy  restrictions,  regional  differences,  the  complexity 
involved  in  evaluating  general  land  use  change,  and  the  variability  of 
benefits  resulting  from  this  change.     The  examination  of  individual 
watersheds  also  enables  the  identification  and  separation  for  evalua- 
tion purposes  of  the  benefits  due  to  "restoration  of  former  productiv- 
ity," "changed  land  use"  and  "more  intensive  use."    This  separation  of 
impacts  is  important  because  of  the  policy  restrictions  on  the  extent 
to  which  each  kind  of  benefit  may  be  used  for  project  justification. 
"Several  physical,  social  and  economic  factors  govern  the  amount  of 
change,  restoration  or  intensification  that  will  result  and  when  the 
expected  change  will  occur.     Information  on  at  least  the  following  fac- 
tors should  be  obtained  and  evaluated. 

1.  Potential  of  the  land. 

2.  Type  of  farming. 

3.  Width  and  topography  of  the  flood  plain  or  area  to  be 
benefited. 

4.  Need  for  various  t3rpes  of  production,  whether  in  agricultural 
products  or  in  urban  and  industrial  services,  as  the  case  may 
be. 

5.  Degree  of  protection  or  service  afforded  by  the  improvements. 

6.  The  change  supported  by  this  degree  of  protection  service. 

II  Ibid. ,  Ch.  4,  p.  3. 
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7.  Willingness,  intentions,  financial  and  managerial  ability  of 
present  and  future  operators  to  develop  the  land. 

8.  Availability  of  markets  for  any  new  products. 

9.  Restrictions  imposed  by  acreage  allotments,  marketing  quotas 
or  zoning  regulations."  _3/ 

A  major  policy  constraint  in  projecting  changes  in  land  use  has 
been  the  consideration  of  acreage  allotments  and  surplus  crops.  For 
many  years,  the  Department  of  Agriculture  policy  has  severely  restricted 
the  inclusion  of  acreage  increases  of  allotment  and  surplus  crops  as 
benefits  from  watershed  projects.     "Extreme  caution  should  be  exercised 
in  claiming  benefits  from  increasing  the  acreages  of  these  crops  as  a 
result  of  project  installation.     It  is  essential  that  benefits  from  in- 
creased acreages  of  allotment  crops  be  considered  conservatively.  Only 
the  net  effect,  after  allowance  for  reduced  returns  elsewhere  in  the 
watershed,  can  be  claimed.     Whenever  these  benefits  are  claimed,  appro- 
priate discounting  is  required."  kj    The  restrictions  on  counting  ben- 
efits from  the  production  of  additional  amounts  of  allotment  and  sur- 
plus crops  is  based  on  the  economic  criteria  that  allow  only  net  in- 
creases in  national  income  as  a  real  benefit  to  society  from  public 
investments . 

The  restrictions  on  counting  benefits  from  changes  in  acres  of 
allotment  crops  may  introduce  elements  of  error  into  the  land  use  data. 
Since  the  benefits  from  such  land  use  changes  are  not  allowed  for  proj- 
ect justification  and  assessment  of  acreage  changes  is  difficult,  it  is 

V  Ibid.,  Ch.  4,  p.  3. 

kj  Ibid.,  Ch.  4,  pp.  4  and  5. 
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easy  to  discount  or  overlook  acreage  changes  which  do  occur.     The  eco- 
nomic rationale  for  discounting  benefits  from  additions  to  surplus 
crops  is  legitimate  and  theoretically  sound.    However,  changes  in  re- 
stricted crop  acres  could  be  the  unintended  result  of  the  program  and, 
in  order  to  provide  an  accurate  assessment  of  land  use  changes,  provi- 
sions are  needed  to  account  for  the  acreage  changes  in  both  restricted 
and  nonrestricted  crops.     Recent  environmental  legislation  makes  it 
imperative  that  any  program-induced  changes  are  included  in  project 
planning. 

Benefits  attributed  to  changes  in  land  use  are  computed  from  the 
projections  of  three  variables:     (1)  acres,  (2)  yields,  and  (3)  prices. 
These  three  projections  directly  influence  the  magnitude  of  estimated 
benefits.     Thus,  the  projection  of  an  acreage  change  in  land  uses  is 
influential  in  benefit  calculation  but  is  only  one  of  the  contributing 
factors.     Errors  in  projecting  yields  and  prices  of  agricultural  prod- 
ucts can  influence  gross  benefit  estimates  as  much  as  errors  in  projec- 
ting acreage  changes  since  gross  benefit  estimates  are  a  direct  multi- 
plication of  the  projected  values  of  these  three  factors. 

Aerial  Photography 

Aerial  photography  is  frequently  employed  to  determine  the  general 
land  use  base  of  an  area  at  a  given  point  in  time.    Aerial  photographs 
are  available  for  most  of  the  nation  and  are  provided  on  a  periodic 
basis.     Both  the  Department  of  Agriculture  and  the  Department  of  the 
Interior  maintain  several  series  of  aerial  photographs.    Within  the 
Department  of  Agriculture,  ASCS,  SCS  and  the  Forest  Service  have  aerial 
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photographs  for  various  parts  of  the  nation.     From  these  photographs 
general  land  use  information  can  be  determined  by  a  skilled  photo- 
interpreter. 

For  small  areas,  a  complete  interpretation  of  land  use  in  the  area 
can  be  made.     The  procedure  involves  bounding  the  areas  of  like  land 
uses  on  the  photo  sheets  and  measuring  these  areas  with  a  planimeter  or 
a  dot  grid.     The  Soil  Conservation  Service  typically  uses  this  procedure 
to  provide  base  flood  plain  land  use  data  in  watershed  project  areas. 

For  larger  areas,  a  sample  point  system  is  frequently  used  to  de- 
termine land  uses  from  aerial  photos.  5J    The  sample  point  or  grid  pro- 
cedure uses  a  uniform  assignment  of  sample  points  throughout  a  watershed 
area  with  the  density  of  the  sample  points  based  on  the  physical  char- 
acteristics of  the  watershed.     Computations  are  on  a  per-acre  basis 
with  each  sample  point  representing  a  specified  number  of  acres.  There- 
fore, depending  upon  the  area  represented  by  each  sample  point,  an  ex- 
pansion factor  is  used  to  expand  the  data  to  an  area  total. 

The  sample  point  methodology  has  the  advantage  of  providing  sta- 
tistically reliable  data  for  large  areas  at  reasonable  cost.  However, 
problems  can  arise  with  the  interpretation  of  land  use  data  from  aerial 
photos — especially  when  information  for  specific  crops  is  required,  bj 

5J  For  examples  of  the  use  of  this  methodology  see:     Vernon  R.  Eidman 
and  Ronald  D.  Lacewell,  A  Model  for  Estimating  Agricultural  Flood  Dam- 
ages, Tech.  Bulletin  T-136,  Agric.  Exp.  Sta.,  Oklahoma  State  University, 
April  1974;  also  Gordon  Sloggett,  Evaluating  the  Upstream  Watershed  Pro- 
tection and  Flood  Prevention  Program  -  Arkansas  -  White  -  Red  Water  Re- 
sources Region,  ERS-551,  ERS,  U.S.  Dept.  of  Agriculture,  April  1974. 

SJ  Linda  Lee,  Estimating  Cropland  Development  by  the  Use  of  Satellite 
Imagery,  Working  Paper  No.  63,  NRED,  ERS,  U.S.  Dept.  of  Agriculture, 
November  1978. 
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The  interpretation  problems  associated  with  aerial  photos  can  be  con- 
trolled by  supplementing  the  aerial  photo  data  with  field  observations 
and  interviews  with  farmers.     Because  of  these  requirements,  the  cost 
of  detailed  land  use  data  can  increase  rapidly.    Also,  the  procedure 
becomes  similar  to  the  direct  survey  methods  used  by  SCS  in  their  cur- 
rent small  watershed  assessment  procedures. 

Trend  Analysis 

The  Census  of  Agriculture  is  compiled  each  five  years  from  indi- 
vidual farm  enumerative  surveys  and  provides  basic  land  use  data  on 
farms  at  the  county,  state  and  national  level.     Census  data  provide  the 
basic  information  source  for  most  land  use  projection  procedures. 

Time  series  or  trend  analysis  is  a  common  land  use  projection  pro- 
cedure which  relies  heavily  on  census  data.     Trend  analysis  displays  the 
general  movement  of  a  data  series  through  time  to  indicate  the  growth 
or  decline  in  land  uses.    Various  techniques  can  be  employed  in  con- 
structing trend  lines  depending  upon  the  amount  and  variability  of  the 
data.     In  many  cases  trends  are  assumed  to  be  linear.     In  other  cases 
trends  are  found  to  be  nonlinear.     Examples  of  techniques  for  evaluat- 
ing nonlinear  trends  include  moving  averages  and  nonlinear  regression. 

Cooperative  River  Basin  Study  Procedures 

Land  use  projections  are  a  main  concern  of  river  basin  studies  be- 
cause they  serve  as  a  reference  point  for  considering  land  and  water 
resource  development  needs  and  potential.     The  projection  system  used 
in  these  studies  is  largely  an  extension  of  historical  trends  with  spe- 
cial consideration  given  to  comparative  economic  advantage,  national 
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markets,  changing  technology,  availability  of  other  economic  resources, 
and  institutional  forces. 

The  usual  methodology  employed  in  river  basin  studies  is  linear 
programming.    A  cost  minimization  procedure  determines  the  optimum  land 
use  required  to  produce  a  specified  level  of  agricultural  output  at  min- 
iumum  cost  with  prespecified  restrictions  on  resources  available  in  the 
study  area.    Profit  maximizing  procedures  have  also  been  employed  to 
specify  land  use  under  restricted  resource  use  conditions. 

River  basin  studies  usually  encompass  relatively  large  areas  and 
are  intended  to  identify  general  types  of  resource  development  poten- 
tial.    Land  uses  projected  by  these  studies  vary  considerably  in  the 
presentation  format  and  the  detail  of  data  included.     The  lack  of  de- 
tailed land  use  information  and  disaggregation  problems  reduce  the  re- 
liability of  the  data  when  applied  to  small  areas.     In  addition,  river 
basin  studies  do  not  provide  a  consistently  reliable  source  for  land  use 
information  for  projecting  land  use  changes  at  the  small  watershed 
level . 

Markov  Process 

The  Markov  process  is  an  effective  technique  for  estimating  ex-post 
land  use  changes.     However,  it  is  considered  limited  in  its  potential 
for  making  ex-ante  projections  because  the  difficulty  of  quantifying  ex- 
ante  transaction  probability  matrices  may  be  greater  than  any  advantages 
the  methodology  possesses.  Ij    The  procedure  becomes  complex  when 

U  Lonnie  R.  Vandeveer  and  H.  Evan  Drummond,     The  Use  of  Markov  Pro- 
cesses in  Estimating  Land  Use  Changes,  Agric.  Exp.  Sta. ,  Oklahoma  State 
Univ.  Tech.  Bulletin  T-148,  January  1978. 
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assigning  probabilities  to  future  developments  which  are  different  from 
those  developed  from  the  history  of  the  area  being  studied.     The  tech- 
nique was  not  used  in  this  study  to  verify  ex-post  changes  in  land  use 
because  of  insufficient  data. 

REGIONAL  AND  COUNTY  TRENDS 
Before  an  assessment  of  the  accuracy  of  work  plan  land  use  esti- 
mates and  projections  is  undertaken  it  is  helpful  to  understand  the  gen- 
eral trends  in  land  use  that  have  taken  place.     Therefore,  regional  and 
county  trends  are  examined  1)  to  display  the  differences  in  land  use 
between  the  two  regions  and  2)  to  determine  if  there  are  any  basic  land 
use  differences  between  those  counties  with  completed  watershed  proj- 
ects and  those  with  planned  but  incomplete  watershed  projects. 

Mississippi  Delta  Region 

The  Mississippi  Delta  region  has  experienced  a  rapid  expansion  of 
cropland  and  a  dramatic  decline  in  forest  and  woodland  since  1959 
(table  1).     In  those  counties  with  developed  watersheds,  the  percent  of 
farm  acreage  in  cropland  increased  rapidly  between  census  years — 57 
percent  in  1959,  70  percent  in  1964,  and  79  percent  in  1969.     By  1974, 
cropland  accounted  for  80  percent  of  all  land  in  farms. 

A  similar  trend  in  cropland  changes  on  farms  existed  in  counties 
with  undeveloped  watersheds.    Data  for  these  counties  show  cropland  in- 
creasing from  61  percent  of  land  in  farms  in  1959  to  80  percent  in  1974. 
In  the  undeveloped  watershed  counties  the  rapid  increase  in  cropland 
also  appears  to  have  leveled  off  during  the  1969-1974  five-year  period. 
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Table  1 — Land  use  on  farms  in  developed  and  undeveloped  watershed  project 


county  groups,  census 

years 

1959-1974 

Year 

Group 

!       Land  use 

:1959 

:    1964  : 

1969 

:  1974 

Percent 

Mississippi  Delta  kn 

ia 

Counties  with 

developed  water- 

shed projects 

!  Cropland 

57 

70 

79 

80 

'Pasture  and  Range 

8 

7 

7 

6 

.Forest  and  Woodland 

30 

18 

10 

9 

Miscellaneous 

5 

5 

4 

5 

Counties  with  un- 

developed water- 

shed projects 

Cropland 

61 

67 

79 

80 

Pasture  and  Range 

9 

9 

6 

6 

Forest  and  Woodland 

25 

20 

11 

9 

; Miscellaneous 

5 

5 

4 

5 

Missouri  River  Area 

Counties  with  ! 

developed  water—  : 

shed  projects 

Cropland 

67 

69 

76 

75 

Pasture  and  Range 

19 

19 

12 

13 

FoTpcjf  and  Woodland 

7 

6 

6 

5 

Miscellaneous 

7 

6 

6 

6 

Counties  with  un- 

developed water-  : 

shed  projects  : 

Cropland 

80 

80 

84 

82 

Pasture  and  range 

11 

12 

8 

10 

Forest  and  Woodland 

3 

2 

2 

2 

Miscellaneous 

6 

6 

6 

6 
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There  is  only  a  small  difference  in  land  use  changes  between  the 
two  groups  of  Mississippi  Delta  counties  (figure  1) ,     The  trend  in 
cropland  development  was  similar  during  the  four  census  years.  The 
group  of  counties  with  developed  watersheds  experienced  their  most 
rapid  expansion  of  cropland  during  the  1959  to  1964  period  while  the 
group  of  counties  with  undeveloped  watersheds  experienced  their  most 
rapid  expansion  during  the  1964  to  1969  period.     The  census  data  do  not 
allow  one  to  determine  if  the  timing  of  these  rapid  changes  in  land  use 
was  facilitated  by  the  watershed  activity.     However,  since  the  unde- 
veloped watershed  projects  were  initiated  during  1966  to  1969  and  most 
were  incomplete  in  1969,  the  watershed  activity  could  not  be  credited 
with  the  majority  of  the  changes  in  land  use.    Also,  since  watershed 
projects  directly  affect  less  than  25  percent  of  the  land  in  farms  in 
these  counties,  the  impact  of  the  projects  would  not  be  large  enough 
to  influence  the  land  use  pattern  at  the  county  level  to  the  extent 
shown  by  the  census  data. 

The  increase  in  cropland  in  the  Mississippi  Delta  region  stems  pri- 
marily from  the  rapid  clearing  of  forest  and  woodland.     The  two  groups 
of  counties  show  the  same  general  pattern  of  land  use  in  1974  even 
though  there  were  slight  differences  in  earlier  census  years. 

Pasture  and  rangeland  held  relatively  stable  over  the  15-year  per- 
iod with  a  slight  downward  trend  in  both  county  groups.  The  percentage 
of  miscellaneous  land  use  remained  constant  during  the  period. 

Missouri  River  Region 

The  land  use  pattern  of  the  Missouri  River  region  has  been  much 
more  stable  than  that  in  the  Mississippi  Delta  region.     However,  there 
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were  greater  land  use  differences  between  county  groups  in  the  Missouri 
River  region  than  between  the  county  groups  of  the  Delta  region.  The 
counties  with  developed  watersheds  in  the  Missouri  region  show  a  moder- 
ate upward  trend  in  cropland  over  the  census  data  period  with  67  per- 
cent in  1959,  69  percent  in  1964,  and  76  percent  in  1969  (figure  2). 
The  percentage  of  cropland  slipped  to  75  percent  in  1974.     Data  for  the 
counties  with  undeveloped  watersheds  indicate  that  cropland  was  stable 
at  80  percent  of  the  land  in  farms  in  1959  and  1964.     The  percentage  of 
cropland  rose  to  84  percent  in  1969  and  fell  to  82  percent  in  1974. 

The  percentage  of  pasture  and  rangeland  in  the  counties  with  devel- 
oped watersheds  declined  from  19  percent  in  1959  and  1964  to  12  percent 
in  1969,  rising  to  13  percent  in  1974.     The  increase  in  cropland  between 
1964  and  1969  is  directly  comparable  to  the  decline  in  the  acreage  of 
pasture  and  rangeland.     The  percentage  of  forest  and  woodland  declined 
slightly  from  7  percent  in  1959  to  6  percent  in  1964  and  1969,  then  to 
5  percent  in  1974.    Miscellaneous  land  use  held  fairly  constant  through- 
out the  15-year  period,  staying  at  approximately  6  percent. 

In  the  counties  with  undeveloped  watersheds,  pasture  and  rangeland 
fluctuated  slightly  during  the  census  years,  between  12  and  8  percent. 
The  percentage  of  forest  and  woodland  in  these  counties  is  small  and 
held  fairly  constant  at  about  2  percent  throughout  the  15  years.  Mis- 
cellaneous land  also  held  constant  at  6  percent  throughout  the  entire 
time  period. 

Differences  in  land  use  between  the  two  groups  of  Missouri  River 
counties  are  not  large.     The  group  of  counties  with  undeveloped  water- 
sheds had  a  higher  level  of  cropland  use  and  less  forest  and  woodland 
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Figure  2 — Land  use  in  developed  and  undeveloped  watershed  groups, 
Missouri  River  Tributaries,  1959-1974  census  data 
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use  than  the  counties  with  developed  watersheds.     Land  use  throughout 
the  Missouri  River  region  did  not  change  dramatically  throughout  the  15- 
year  period.    Land  uses  in  the  two  groups  of  counties  have  become  more 
alike,  and  the  region  has  achieved  a  rather  stable  distribution  between 
the  various  land  uses. 

Whether  or  not  these  land  use  changes  can  be  directly  attributed 
to  watershed  development  activity  cannot  be  determined  from  the  general 
nature  of  the  census  data.     Since  the  major  changes  in  cropland  and 
pasture  land  for  both  sets  of  counties  in  the  Missouri  River  region  are 
similar  and  occurred  during  the  same  time  period,  1964  to  1969,  water- 
shed development  activity  cannot  be  credited  with  initiating  these 
changes. 

LAND  USE  PROJECTIONS 

Reliable  estimates  of  land  use  at  the  time  the  work  plans  are 
drawn  up  are  needed  to  assess  the  accuracy  of  land  use  projections  de- 
veloped for  the  watershed  work  plans.     The  accuracy  of  the  land  use 
estimates  in  the  work  plans  can  be  determined  by  comparing  work  plan 
and  aerial  photo  data  for  the  base  period.     In  both  the  Delta  and 
Missouri  River  regions,  the  available  aerial  photos  precede  information 
provided  in  the  work  plan  by  approximately  two  years.     This  time  dif- 
ference is  not  considered  to  be  significant  since  work  plan  estimates 
are  usually  made  prior  to  the  work  plan  preparation  and  publication. 

A  comparison  of  work  plan  and  aerial  photo  estimates  of  land  use 
for  individual  watersheds  indicate  there  are  no  significant  differences 
in  land  use  in  the  base  period  between  the  two  methods  of  estimation 
(tables  2  and  3).     However,  in  general,  work  plans  for  the  developed 
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water sheds  In  the  Missouri  River  region  underestimated  the  amount  of 
cropland,  forest  and  woodland  and  miscellaneous  land  uses.  Pasture 
and  rangeland  uses  were  overestimated.     In  the  undeveloped  watersheds, 
cropland,  pasture,  rangeland,  and  forest  and  woodland  uses  were  over- 
estimated in  the  work  plans  while  miscellaneous  land  uses  were 
underestimated. 

In  the  developed  watersheds  of  the  Mississippi  Delta  region,  the 
work  plans  underestimated  pasture  and  rangeland  and  miscellaneous  land 
uses  while  cropland  and  forest  and  woodland  uses  were  overestimated. 
In  the  undeveloped  watersheds  the  work  plans  overestimated  pasture  and 
rangeland  and  forest  and  woodland  uses.     Cropland  and  miscellaneous 
land  uses  were  underestimated.    Work  plan  estimates  of  land  use  in  the 
developed  watersheds  of  both  regions  were  generally  less  accurate  than 
the  work  plan  estimates  made  in  the  undeveloped  watersheds. 

Work  plan  estimates  of  land  use  were  expected  to  differ  from  aerial 
photo  analysis  data  because  (1)  the  time  frame  for  each  estimate  was  not 
exactly  the  same,   (2)  the  estimating  procedures  used  in  each  case  are 
not  the  same,  and  (3)  neither  estimating  procedure  can  be  guaranteed  to 
be  100  percent  accurate.     In  order  to  determine  the  significance  of  the 
differences  in  the  raw  data,  a  paired  comparison  of  the  percentages  of 
land  in  each  use  was  made  for  the  two  estimating  procedures.     The  null 
hypothesis  was  that  the  mean  of  the  population  of  differences  was  zero. 
No  significant  statistical  differences  were  found  between  the  work  plan 
and  aerial  photo  estimates  at  the  .01  level  of  significance  except  for 
miscellaneous  land  use  in  nondeveloped  watersheds  (appendix  table  1) . 
Work  plan  estimates  of  land  use  within  the  watersheds  are  expected  to 
be  as  reliable  as  aerial  photo  estimates. 
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ASSESSMENT  OF  WORK  PLAN  PROJECTED  LAND  USE 
A  comparison  of  land  use  projections  and  aerial  photograph  data 
for  the  developed  watershed  was  made  to  assess  the  reliability  of  pro- 
jected land  use  changes  in  the  work  plans.     An  average  of  11  years  had 
elapsed  from  the  time  the  land  use  projections  were  made  for  the  work 
plans  until  the  aerial  photograph  estimates  were  made.     This  time  span 
is  sufficiently  long  for  watershed  projects  to  bring  about  the  land  use 
impacts  that  were  anticipated. 

Work  plan  and  aerial  photo  data  for  watersheds  in  the  Missouri 
River  and  Mississippi  Delta  regions  were  available  and  used  to  make  a 
comparison  of  the  magnitude  of  the  differences  between  projected  and 
actual  land  uses.     In  general,  the  projections  of  land  use  in  the  proj- 
ect work  plans  for  both  the  Missouri  River  and  the  Mississippi  Delta 
regions  are  not  different  from  measurements  made  from  the  aerial  photo 
data. 

A  paired  comparison  of  the  work  plan  and  aerial  photo  land  use 
estimates  in  the  ten  watersheds  in  each  region  was  performed.     The  data 
were  paired  in  order  to  eliminate  any  source  of  variance  that  existed 
between  watersheds.     The  testing  of  differences  between  the  two  data 
sets  shows  that  in  each  of  the  four  land  uses  there  was  no  statis- 
tically significant  difference  between  the  two  procedures  except  for 
forest  land  use  in  developed  watersheds  in  the  Mississippi  Delta  (appen- 
dix table  2).     Projected  land  use  changes  within  the  watersheds  are  re- 
liable estimates  when  follow-up  aerial  photo  data  are  used  as  the  stand- 
ard for  the  comparison. 
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Figure  3 — Percentage  of  land  use  as  projected  by  work  plans  compared 
to  late  air  photo  data,  developed  watersheds 

Missouri  River  Region 


Cropland        Pasture  and    Forest  and  Miscellaneous 


rangeland  woodland 


Mississippi  Delta  Region 


Cropland        Pasture  and    Forest  and  Miscellaneous 
rangeland  woodland 
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Watershed  Development  Impacts 

The  land  use  trends  are  similar  for  both  the  developed  and  unde- 
veloped groups  of  watersheds  (tables  5  and  6).     The  land  use  impacts  of 
watershed  development  appear  to  be  small,  and  it  is  difficult  to  attrib- 
ute changes  in  land  use  to  watershed  project  development. 

In  the  Missouri  River  region  no  acreage  changes  can  be  attributed 
to  watershed  development.     The  percentage  of  land  in  each  use  between 
the  early  and  late  aerial  photo  years  are  almost  identical  (table  5). 
Even  though  the  level  of  each  land  use  for  the  developed  watersheds  is 
somewhat  different  from  that  shown  by  the  undeveloped  watersheds,  there 
is  no  discernible  difference  in  the  land  use  trends. 

In  the  Mississippi  Delta  region  land  use  trends  between  developed 
and  undeveloped  watersheds  show  some  difference  (figures  4  and  5). 
Cropland  acres  appear  to  be      3      percent  less  as  a  result  of  watershed 
development  than  they  would  have  been  without  development.     Forest  and 
woodland  acres  are  about  4.2  percent  larger  with  development  than  they 
would  have  been  without  development.     Pasture  and  rangeland  acres  are 
about  1.4  percent  less  with  development  than  they  would  have  been  with- 
out development.     Miscellaneous  land  uses  show  no  difference  between 
the  trend  lines. 

Importance  of  Land  Use  Benefits 

Land  use  benefits  make  up  a  relatively  small  part  of  the  benefits 
of  small  watershed  development  at  the  national  level.     Land  use  benefits 
accounted  for  8.1  percent  of  total  watershed  development  benefits  in 
1975  with  6.1  percent  credited  to  "more  intensive  land  use"  and  2.0  per- 
cent due  to  "changed  land  use."    However,  the  relative  contribution  of 
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Table  5 — Comparison  of  major  land  use  with  and  without  small  watershed 
development — Missouri  River  Tributaries  region 


Developed 
watersheds 

Undeveloped 
watersheds 

Early 

:      Late  : 

Early  : 

Late 

-  Percent 

Cropland 

70 

.08 

69 

80 

77. 

A3 

77 

15 

Pasture  and  rangeland 

16 

.95 

16 

71 

10. 

10 

9 

.98 

Forest  and  woodland 

3 

.41 

3 

.13 

1. 

72 

1 

.53 

Miscellaneous 

:  9 

.56 

10 

.36 

10. 

75 

11 

.34 

Table  6 — Comparison  of  major  land  use  with  and  without  small  watershed 
development— Mississippi  Delta  region 


Developed 
watersheds 

Undeveloped 
watersheds 

Early  : 

Late  : 

Early  : 

Late 

-  Percent 

Cropland 

41 

.74 

54 

06 

35 

.20 

50 

.42 

Pasture  and  rangeland 

9 

.30 

9 

.15 

6 

.12 

7 

.08 

Forest  and  woodland 

38 

.25 

25 

.43 

47 

,50 

30 

.55 

Miscellaneous 

:  10 

.70 

11 

.36 

11 

.17 

11 

.94 
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Figure  4 — Comparison  of  cropland  and  miscellaneous  land  use  trends  with 

and  without  small  watershed  development — 
Mississippi  Delta  region 
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Figure  5 — Comparison  of  forest  and  pasture  land  use  trends  with  and  with- 
out small  watershed  development— Mississippi  Delta  region 
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land  use  benefits  varies  considerably  among  individual  watershed  proj- 
ects.    Do  the  40  projects  examined  in  this  study  follow  the  benefit  lev- 
els claimed  nationally?    The  following  analysis  tries  to  answer  this 
question. 

The  amounts  of  "more  intensive"  and  "changed  land  use"  benefits 
varied  widely  in  the  40  watershed  projects  (table  7).     These  benefits 
are  also  presented  as  a  percent  of  total  structural  benefits.  "More 
intensive"  and  "changed  land  use"  benefits  were  claimed  in  24  of  the 
40  watershed  projects.     Only  4  of  the  watersheds  claimed  both  types  of 
benefits. 

Land  use  benefits  provided  a  total  of  $310,705  of  benefits  in  the 
40  watershed  projects  and  made  up  5.03  percent  of  total  flood  damage  re- 
duction benefits.     The  average  land  use  benefits  claimed  in  these  water- 
sheds are  less  than  the  benefits  in  watersheds  nationwide.     "More  in- 
tensive land  use"  benefits  accounted  for  3.71  percent  while  "changed 
land  use"  benefits  amounted  to  1.32  percent  of  total  flood  damage  reduc- 
tion benefits. 

The  distribution  of  land  use  benefits  among  the  watersheds  as  well 
as  among  watershed  groups  shows  considerable  variation.     In  10  percent 
of  the  individual  watersheds  land  use  benefits  amounted  to  over  30  per- 
cent of  total  flood  damage  reduction  benefits.     In  the  developed 
Missouri  River  Tributaries  group  of  watersheds,  land  use  benefits 
amounted  to  9.73  percent  of  total  flood  damage  reduction  benefits 
(table  8) .     These  benefits  were  divided  so  that  "more  intensive  land 
use"  benefits  accounted  for  1.59  percent  and  "changed  land  use"  benefits 
accounted  for  8.14  percent  of  total  benefits.     Land  use  benefits  for 


-36- 


Table  7 — The  amount  of  land  use  benefits  claimed  in  watershed  work  plans  and  land 
use  benefits  as  a  percent  of  flood  damage  reduction  benefits 


Water-  ; 

shed  : 
number  : 

Land 

use  benefits 

Flood 
:  damage 
reduction 
benefits 

Proportion  of  flood  damage 
reduction  benefits 

More 
intensive 

:  Changed  : 

Total 

;  More 
:  intensive 

:  Changed  : 

Total 

-  -  -  Dollars  -  -  - 

-Percent  - 

8  " 

0 

1,146 

1,146 

6,953 

0.00 

16.48 

16.48 

51 

0 

0 

0 

149,166 

0.00 

0.00 

0.00 

62  " 

0 

234 

234 

21,412 

0.00 

1.09 

1.09 

63  : 

0 

231 

231 

6,095 

0.00 

3.79 

3.79 

83  ' 

0 

0 

0 

7,362 

0.00 

0.00 

0.00 

84  : 

0 

10,695 

10,695 

133,164 

0.00 

8.03 

8.03 

140  \ 

0 

0 

0 

16,760 

0.00 

0.00 

0.00 

149  . 

0 

23,792 

23,792 

91,539 

0.00 

25.99 

25.99 

164  ' 

0 

0 

0 

48,806 

0.00 

0.00 

0.00 

174 

0 

3,827 

3,827 

81,057 

0.00 

4.72 

4.72 

234  ' 

0 

0 

0 

151,677 

0.00 

0.00 

0.00 

247  . 

3,861 

12,610 

16,471 

160,465 

2.40 

7,86 

10.26 

285  ' 

0 

2,920 

2,920 

59,650 

0.00 

4.89 

4.89 

287  : 

0 

0 

0 

5,720 

0.00 

0.00 

0.00 

290 

0 

1,636 

1,636 

62,931 

0.00 

2.60 

2.60 

310  : 

0 

0 

0 

359,006 

0.00 

0.00 

0.00 

363  ' 

3,832 

1,508 

5,340 

17,352 

22.08 

8.69 

30.77 

370 

0 

10,570 

10,570 

197,010 

0.00 

5.36 

5.36 

426 

0 

0 

0 

140,330 

0.00 

0.00 

0.00 

546 

67,055 

0 

67,055 

178,109 

37.65 

0.00 

37.65 

0 

0 

1?R  500 

0.00 

0.00 

0.00 

879 

8,970 

0 

8,970 

224,112 

4.00 

0.00 

4.00 

880 

16,030 

0 

16,030 

393,329 

4.08 

0.00 

4.08 

893 

:  0 

0 

0 

105,949 

0.00 

0.00 

0.00 

895 

;  777 

2,937 

3,714 

65,777 

1.18 

4.47 

5.65 

917 

19,200 

0 

19,200 

82,100 

23.39 

0.00 

23.39 

937 

;  5,750 

0 

5,750 

17,560 

32.80 

0.00 

32.80 

-37- 


Table  7  (cont'd.) 


Water- 
shed 
number 

:  Land 

use  benefits 

Flood  : 
damage  : 
reduction  ! 
benefits  ; 

Proportion  of  flood  damage 
reduction  benefits 

;  More 
: intensive 

Changed 

:  Total  i 

More  : 

■f  n  t"  pn     "VP  • 

\J  LLCL 

:  Total 

-  -  -    Dollars  -  -  - 

-  Percent 

939 

;  0 

0 

0 

466,800 

0.00 

0.00 

0.00 

943 

:  12,538 

0 

12,538 

331,528 

3.78 

0.00 

3.78 

944 

;  32,319 

0 

32,319 

756,336 

4.27 

0.00 

4.27 

949 

:  0 

6,100 

6,100 

93,060 

0.00 

6.55 

6.55 

963 

8,180 

3,370 

11,550 

32,820 

24.92 

10.27 

35.19 

979 

37,817 

0 

37,817 

865,848 

4.37 

0.00 

4.37 

984 

0 

0 

0 

157,420 

0.00 

0.00 

0.00 

996 

1,300 

0 

1,300 

80,020 

n  on 

1  69 

998  ; 

0 

0 

0 

210,550 

0.00 

0.00 

0.00 

1002  : 

0 

0 

0 

29,860 

0.00 

0.00 

0.00 

1049  ; 

0 

0 

0 

36,100 

0.00 

0.00 

0.00 

1066  : 

11,500 

0 

11,500 

90,800 

12.67 

0.00 

12.67 

1068  ; 

0 

0 

0 

112,100 

0.00 

0.00 

0.00 

Total  : 

229,129 

81,576 

310,705 

6,175,133 

3.71 

1.32 

5.03 
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the  developed  Mississippi  Delta  group  of  watersheds  made  up  6.86  per- 
cent of  total  benefits  with  4.76  percent  credited  to  "more  intensive 
land  use"  and  2.10  percent  credited  to  "changed  land  use." 

The  land  use  benefits  made  up  a  smaller  proportion  of  flood  dam- 
age reduction  benefits  in  the  undeveloped  watersheds  than  in  the  de- 
veloped watersheds.     The  undeveloped  Missouri  River  Tributaries  group 
of  watersheds  show  "more  intensive  land  use"  benefits  amounted  to  6.62 
percent  of  total  benefits  while  "changed  land  use"  benefits  accounted 
for  .90  percent  of  total  benefits.     The  two  categories  total  7.52  per- 
cent of  total  flood  damage  reduction  benefits.     The  undeveloped  Missis- 
sippi Delta  group  of  watersheds  show  total  land  use  benefits  of  3.18 
percent  with  3.01  percent  due  to  "more  intensive  land  use"  and  only 
.17  percent  due  to  "changed  land  use."    The  low  amounts  of  "changed  land 
use"  benefits  claimed  in  the  nondeveloped  Delta  watersheds  indicate  that 
even  though  large  amounts  of  changed  land  use  were  taking  place  in  the 
area,  little,  if  any,  was  being  attributed  to  watershed  development. 

CONCLUSIONS 

Procedures  used  by  SCS  to  project  land  use  changes  in  small  water- 
shed areas  were  examined  to  evaluate  the  reliability  and  accuracy  of 
the  projections.     Land  use  projections  were  compared  to  land  use  infor- 
mation obtained  from  aerial  photographs  in  selected  watersheds  in  the 
Missouri  River  and  Mississippi  Delta  regions.     The  land  use  projections 
provided  in  watershed  work  plans  were  not  significantly  different  from 
measurements  made  from  aerial  photographs.     The  procedures  as  outlined 
in  the  Economic  Guide  (35)  provide  an  adequate  basis  for  developing 
projections  of  land  use  changes. 
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County  agricultural  census  data  are  useful  in  estimating  land  use 
trends.    Aggregating  data  from  several  counties  provides  a  reliable 
estimate  of  land  use  trends.     However,  the  variability  among  watersheds 
is  difficult  to  account  for  in  any  general  land  use  projection  proce- 
dure.    The  lack  of  detail  in  county  data  makes  the  trend  analysis  for 
estimating  land  use  change  for  small  watershed  areas  unreliable  unless 
one  can  supplement  the  census  data  with  primary  data  (as  in  SCS  surveys) 
for  the  watershed  under  consideration. 

Current  projection  techniques  used  in  small  watershed  evaluation 
appear  to  consider  the  important  factors  that  impact  on  land  use  in 
these  small  areas.     The  nine  factors  identified  in  the  Economics  Guide 
(35)  provide  a  rational  basis  for  estimating  the  land  use  changes  at 
the  watershed  level.     However,  trying  to  incorporate  these  and  other 
factors  into  a  fixed  national  formulation  does  not  provide  the  flexi- 
bility that  is  necessary  to  deal  with  small  areas.     Even  though  the 
overall  trends  in  land  use  may  apply  on  a  large  regional  base,  individ- 
ual watersheds  possess  unique  features  which  cannot  be  quantified  in  a 
general  model. 

Since  land  use  related  benefits  at  the  national  level  account  for 
only  about  8  percent  of  the  total  floodwater  reduction  benefits  attrib- 
utable to  small  watershed  development,  an  error  factor  of  10  percent 
or  less  in  estimates  of  land  use  change  is  difficult  to  detect.  This 
is  true  because  land  use  data  are  subject  to  error  and  land  use  is  dy- 
namic rather  than  static.    Agricultural  land  use  varies  from  year  to 
year  because  of  normal  crop  rotations,  economic  consideration  and  cli- 
matic and  related  production  factors.     These  variations  tend  to 
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equalize  over  large  areas,  but  in  small  areas  these  variations  may  not 
necessarily  average  out.     Therefore,  fluctuations  in  overall  land  use 
is  a  normal  occurrence  over  small  areas. 

The  two  regions  examined  in  this  study  depict  a  contrast  in  the 
magnitude  of  land  use  change  taking  place  in  each  region.     Land  use  in 
the  Missouri  River  Tributaries  region  has  been  rather  constant  through 
time.     There  have  been  no  major  shifts  in  general  land  uses.  Agricul- 
tural cropland  has  been  the  dominant  use  and  continues  to  be  the  domi- 
nant use.     Land  use  in  the  Mississippi  Delta  region  has  been  and  is 
continuing  to  undergo  a  dramatic  transformation.     The  clearing  and 
draining  of  forest  and  woodland  and  converting  the  acreage  to  cropland 
has  occurred  rapidly.     Large  amounts  of  land  use  change  can  be  attrib- 
uted to  Corps  of  Engineer  projects,  but  most  of  the  general  regional 
transformation  has  been  accomplished  through  private  investment. 

Major  changes  in  land  use  in  the  study  areas  cannot  be  attributed 
to  small  watershed  development  projects.     This  implies  that  the  water- 
shed projects  did  not  influence  land  uses  sufficiently  to  change  the 
pattern  or  trend  in  land  use  developments.     This  conclusion  has  major 
implications  for  the  watershed  programs.     A  broader  and  more  detailed 
study  would  be  required  to  determine  the  impact  of  watershed  projects 
on  land  use  in  project  areas. 

Factors  that  need  to  be  considered  in  future  projections  of  changes 
in  land  use  include  federal  legislation  and  policy  with  regard  to  water 
quality  and  the  preservation  of  various  ecosystems.     Since  changes  in 
agricultural  land  use  often  involve  drainage  and  irrigation,  legislation 
that  impacts  on  water  quality  and  wetlands  preservation  plays  an  impor- 
tant role  in  the  projection  of  changes  in  land  use. 
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Section  404  of  P.L.  92-500,  the  1972  Amendments  to  the  Federal  Wa- 
ter Pollution  Act  and  the  Clean  Water  Act  of  1977  which  amended  the  1972 
law  provide  the  U.S.  Army  Corps  of  Engineers  with  the  responsibility  for 
issuing  permits  for  the  discharge  of  dredged  or  fill  materials  into  nav- 
igable waters.     Even  though  most  discharges  by  agriculture  are  not  exempt 
from  the  permit  system,  authority  is  retained  when  such  discharges  are 
incidental  to  bringing  areas  of  navigable  waters  into  new  uses.  There- 
fore, the  section  404  permit  program  makes  the  projection  of  future  wet- 
land conversion  into  agricultural  cropland  uses  somewhat  uncertain. 

The  Secretary  of  Agriculture's  Memorandum  No.  1827  revised.  State- 
ment of  Land  Use  Policy,  declares  that  the  policy  of  the  department 
will  "Advocate  the  retention  of  Important  Farmlands  and  Forestlands, 
Prime  Rangeland,  Wetlands,  or  other  lands  designated  by  State  or  local 
governments.   .   .  .      Provisions  will  be  sought  to  assure  that  such  lands 
are  not  irreversibly  converted  to  other  uses  unless  other  national  in- 
terests override  the  importance  of  preservation  or  otherwise  outweigh 
the  environmental  benefits  derived  from  their  protection." 

The  Secretary's  Memorandum  indicates  that  any  extensive  draining 
and  clearing  activities  will  not  be  furthered  by  Department  of  Agricul- 
ture programs.     Thus,  projection  of  new  cropland  from  cleared  and 
drained  wetlands  will  need  to  take  these  legislative  and  policy  state- 
ments into  consideration.     Past  policy  restrictions  on  counting  en- 
hancement type  benefits  from  land  use  change  on  restricted  crop  acres 
imposed  limitations  on  the  Small  Watershed  Program,  but  these  new  water 
quality  and  environmental  policies  appear  to  impose  greater  limitations. 
Therefore,  small  watershed  projects  must  be  designed  to  avoid  these  new 
policy  restrictions. 
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Appendlx  table  1 — Test  of  significance  of  differences  between  work  plan 
estimates  and  aerial  photograph  measurements  of  land 
use  for  watersheds  in  selected  regions,  1959 


Developed 

:  Undeveloped 

Region  and  land  use 

watersheds 

:  waterhseds 

values  -  - 

Missouri  River  Tributaries 

Cropland 

0.45 

0.05 

Pasture  ! 

-2.31 

-2.60 

Forest 

2.66 

0.69 

Miscellaneous 

1.48 

3.46* 

Mississippi  Delta 

Cropland 

1.11 

-0.71 

Pasture 

1.19 

-1.12 

Forest  : 

-0.38 

0.96 

Miscellaneous 

-1.59 

1.37 

*Different  at  the  .01  level  of  significance. 


*  *  * 


Appendix  table  2 — Test  of  significance  of  differences  between  work  plan 

projections  and  aerial  photograph  measurements  of  land 
use  changes,  1959-1970,  for  developed  watersheds  in 
selected  regions 


Land  use 

Region 

Missouri  River      •*    Mississippi  Delta 

"t"  values   

Cropland 

0 

48 

1. 

23 

Pasture 

:  -2 

08 

0. 

08 

Forest 

-0 

.13 

-4. 

57* 

Miscellaneous 

2. 

47 

2. 

74 

*Different  at  the  .01  level  of  significance. 
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